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TECHNICAT. FIELD OP tre INVRNTTOKr @ 

This invention relates to optical discs, and in particular to a method and 
apparatus for writing data to an optical disc. 

BACKGROU ND OF TTTR TNVENTTOKT 

Optical discs are commonly used for data storage. That is, data is written to 
and read from such discs, by means of an optical source. 

hi order to maximize the data storage capacity of an optical disc, data is 
wntten to the disc with a fixed data density. That is, the spatial separation of the data points 
on the disc is constant. In order to allow a constant data rate, while data is being written to or 
read from the disc, the disc is rotated with a constant linear velocity (CLV). That is the 
angular velocity varies, as the optical source moves from one part of the optical disc to 
another. Specifically, the disc rotates with a higher angular speed when data is being written 
to or read from an inner part of the disc, and withalower angular speed when data is being 
wntten to or read from the outer part of the disc. 

Different optical disc formats are known, and, in some formats, a disc is 
provaded with one or more defect management areas, which may for example be located in 
the radially outer part of the disc. One such format is defined in the Mount Rainier 
specxfication, which is described for example in the document «Mt Rainier An Explanation- 
published by Koninklijke Philips Electronics NV, and available on the internet in 
November/December 2002 at ww.mt-rainier.org. The defect management area may be used 
when writing data to the disc. If an error occurs while writing data to the disc, for example 
because of a defect in the disc, the data is written to the defect management area of the disc 
instead. 

However, as mentioned above, in order to maintain the same data rate (that is 
the aame number of bits of data whioh a™ written to the diso each second), white writing to ' 
the outer area of the disc, it is necessary to decrease the relational speed of the disc 
Snmlarly, when writing to the defect management area has ended, it is again necessary to 
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change the rotational speed of the disc, when returning to writing data into the main data 
region of the disc. 

This has the disadvantage that it takes a noticeable time for the rotational 
speed of the disc to be changed to the required value, with the necessary degree of accuracy. 
5 As a result, writing data into the defect management area significantly increases the time 
taken to write the data. Similar problems arise when reading data which has been written into 
the defect management area. 

SUMMARY OF THE INVRNTTOM 
10 According to an aspect of the present invention, these problems associated 

with the prior art are at least partly alleviated by writing data into the defect management area 
of the disc without changing the rotational speed of the disc, or at least without changing the 
rotational speed of the disc sufficiently to maintain a constant linear velocity. 

This allows an increase in the rate at which data may be written to the optical 
disc. It also avoids or reduces the need for the rotational speed of the disc to be changed, 
which allows a further improvement in the time taken to write data to the disc. 

hi order to continue writing data to the disc without changing the rotational 
speed, it follows that the data rate must be increased while writing to the defect management 
area. For this to be possible, the data must be written into an "iced" or unformatted part of the 
20 defect management area. 
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BRIEF DESCRIPTION OF DRA WTTSTOS 

Figure 1 is a block schematic diagram of an optical disc writing device, in 
accordance with an aspect of the present invention, 

Figure 2 shows relationships between the rotational speed of an optical disc 
and the radial position of the optical head of the disc writing device, 

Figure 3 shows an optical disc for use in connection with the invention, and 

Figure 4 is flow chart illustrating a method in accordance with an aspect of the 
present invention. 

DETAILED DESCRIPTION - OF PREFERRED EMBODTMETNJTS 

Figure 1 shows a DVD+RW writer device 10, for writing data to an optical 
disc 20. The device 10 operates in the DVD+RW format, for example as defined in the 
Mount Rainier standard. The disc 20 is mounted on a turntable (not shown), which is rotated 
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under the control of a disc drive 22, which is in turn controlled by control circuitry 24 The 
control circuitry 24 also controls the operation of an optical head 26, which generates the 
optical signals which are used to write data onto the disc 20. The optical head 26 uses data 
which are stored in a memory, for example a RAM 28, again under the control of the control 
circuitry 24. 

It should be noted that, although the control circuitry is shown as a single 
block, this may be in the form of one or more circuit blocks, plus associated components. 

The control circuitry 24 has an input bus 30 which, in the writing process is 
used for receiving data from a host computer or other device. 

Thus, for a given rate at which data is to be written onto the disc 20, and for a 
given radial position of the optical head 26 relative to the disc 20, the control circuitry 24 
ensures that the disc drive 22 causes the disc 20 to rotate at the intended rotational speed. The 
intended rotational speed R is given by: 
R = D.s/C 

15 where: (1) 
D is the intended data rate in bits per second; 
s is the spatial separation of the data bits on the disc; and 
C is the circumference of the disc at that radial position. 
Figure 2 shows relationships between the radial position of the optical head 26 
relative to the disc 20, and the intended rotational speed R. Specifically, the line A illustrates 
the relationship given in equation (1) above, for radial positions between PI at the inner edge 
of the disc and P2 at the outer edge of the disc. 

As described so far, the system is conventional, and so it will not be described 
m more detail, as the necessary information is well known to the person skilled in the art 
However, the detail of the operation of the device, under the control of the control circuitry 
24 is different from the control of known devices, as will be described further below. 

Figure 3 shows an optical disc 20 for use in accordance with the invention 
The disc 20 has an inner region 40, which includes a lead-in area, a general data storage area 
42, and an outer region 44 (not shown in more detail). 

As described in the document "Mount Rainier An Explanation", referenced 
above, the outer region 44 of the disc 20 includes a defect management area, to which data 
may be written in the event of an error while writing to the main data storage area 42 of the 
disc 20. 
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To allow its use in the present invention, the defect management area needs to 
be at least partially iced. That is, at least a part of the defect management area is unformatted. 
It is known, for example from US Patent Application US 2001/0043539 Al, that a DVD+RW 
drive is able to write data to an unformatted region of a disc at a higher linear velocity, and 
hence at a higher data rate, than when writing data to a region in which data has already been 
recorded, including a formatted region of the disc. 

A new disc is completely iced, and so no action needs to be taken to ensure 
that there is a suitable iced region in the defect management area. 

However, if the disc has previously been used, it is possible that the defect 
management area will not be completely iced. Indeed, according to one existing version of 
the Mount Rainier standard, a disc (including the defect management area) should be fully 
de-iced, or a temporary lead-out should be written before any iced area. 

If the defect management area is partly de-iced, for example because data has 
previously been written to a section of the defect management area, then it is possible to 
1 5 locate a region of the defect management area which remains iced. 

If the defect management area is entirely de-iced, for example because data 
has previously been written to the whole defect management area, or because the disc has 
been formatted, then it is possible to «re-ice» the defect management area or a region of the 
defect management area, preferably during a background process before beginning to write 
20 data to the disc. 

Figure 3 is a flow chart showing a method of writing data to the disc 20, in 
accordance with the present invention. 

The illustrated process begins with step 46, which takes place as part of a 
background process, before the writing of data begins. In step 46, it is determined whether 
the defect management area of the disc includes an iced area. If so, no further action is 
required, and it is determined that the disc is ready for data to be written to it. 

However, if it is determined in step 46 that there is no iced region in the defect 
management area of the disc, the process passes to step 48. In step 48, again as part of the 
background process before beginning to write data to the disc, one or more regions in the 
defect management area of the disc is re-iced. The location of the iced area or areas is stored 
in a Formatting Disc Control Block (FDCB) on the disc. 

In step 50, a block of data is written to the main data storage area on the disc 
20. In step 52, it is determined whether an error has occurred in writing this data. Assuming 
that there is no error, the procedure passes to step 54, in which it is determined whether there 
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is any further data remaining to be written. If no further data remains, the process passes to 
step 56 (described below) but, if there is more data remaining to be written, the process 
returns to step 50 and the writing of the data resumes. 

If it is determined in step 52 that there was an error writing the block of data to 
5 the mtended section of the main data storage area, the process passes to step 58. In step 58 
an iced area in the defect management area 42 is identified, and the procedure then passes to 
step 60. As mentioned above, the defect management area may be entirely iced, or partly 
iced. In either case, it is necessary to locate an iced area which is free for data storage For 
example, as mentioned above, this information may be stored in the Formatting Disc Control 
10 Block (FDCB) on the disc. 

In accordance with the invention, the disc drive 22 is caused to rotate at the 
same rotational speed, when writing to the iced area in the defect management area 42 as 
would have been used when writing to the intended location in the main data storage area of 
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the disc. 



This is illustrated in Figure 2. Thus, in the case of an error occurring while 
writing to the disc at the radial position P3 and at a corresponding rotational speed R3, data 
maybe written to an iced area in the defect management area at a radial position P4 
However, instead of reducing the rotational speed of the disc to R4, as line A would indicate, 
the rotational speed of the disc is maintained at R3. 

Based on equation (1) above, therefore, it can be seen that, since the 
circumference of the disc will be larger at that radius, and since it is necessary to maintain the 
spatial separation of the data bits at the same value, the data rate must be increased. 

In step 60, therefore, the control circuitry 24 determines the data rate which is 
necessary to allow the rotational speed to be maintained at the previous value, and, in step 62 
of the process, the control circuitry 24 controls the RAM 28 to output data to the optical head 
26 at the necessary increased data rate, and controls the optical head 26 to write the data into 
the disc management area at the increased data rate. 

In an alternative embodiment of the invention, the disc drive 22 may not be 
caused to rotate at exactly the same rotational speed, when writing to the iced area in the disc 
management area 42, as would have been used when writing to the intended location in the 
mam data storage area of the disc. Instead, when writing to the iced area in the disc 
management area 42, the disc drive 22 may be caused to rotate at some speed which is less 
than the speed which wouldhave been used when writing to the intended location in the main 
data storage area of the disc, but which still requires that data be written at a higher data rate 
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than normal, based on equation (1) above. Using Figure 2 to illustrate this again, in the case 
of an error occurring while writing to the disc at the radial position P3 and at a corresponding 
rotational speed R3, and with the data being written instead to an iced area in the defect 
management area at the radial position P4, the rotational speed of the disc may be reduced to 
some speed R5, where R3 > R5 > R4. 

When data has been written to the iced area in step 62, the process passes to 
step 54, m which i« is determined whether there is more date remaining, as described above 
When the writing is completed, the process passes to step 56. At this stage in 
order to enanre that the disc complies with the Mount Rainier stendard, any necessary re- 
formatting is performed. For examp.e, if the disc is no, yet compietely written and de-iced 
the defect management area at me outer side of the disc is copied after the las. user date, so 
that, ihe .ead-out occurs immediate* after this copy of the defect management area, ensuring 
DVD-ROM compatibihty. Alternatively, if me user date area of the disc is completely 
wntten, any remaining iced areas in me defect management area are de-iced. The process 
15 then passes to step 57, and ends. 

It will be noted that this description, and me flow chart of Figure 4, assume 
that mere is sufficient time for me re-icing of a region in tire defect management area to be 
completed (in step 48), before starting to write date to the disc (in step 50). However, in some 
stations „ is required ,o begin writing date to the disc immediately on insertion. In tha, 
case, it is not possible to re-ice the disc, or to comptete re-icing of tiro disc, before beginning 
wrmng date to me disc. If an error then occurs, date is written to the defect management area 
m the conventional way, mat is, a, a constant date rate, and therefore at a reduced rotationa! 
speed of the disc. 

In that case, the necessary background process, to re-ice a region of the defect 
management area, can be carried out when the user stops writing data to, or reading data 
from, the disc. 5 

Once data has been written to the disc, it must then be read from the disc In 

some situations, it will also be possible to maintain the rotational speed of the disc constant 

even when reading data from the defect management area. Of course, in order to be able to 

do tms, it will be necessary for the disc reader to be able to read data at a higher data rate than 
normal. 

There is therefore disclosed an optical disc writing apparatus, and a method for 
use m such an apparatus, whi^ fa 
particular when writing data to a defect management area. 
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It should be noted that the term "comprises" or "comprising", as used herein 
means that the stated features or elements are present, but does not exclude the possibility 
that additional features or elements may also be present Similarly, the word «a» or "an" does 
not exclude the possibility that a plurality of the stated features may be present. 
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A method of writing data to an optical disc, the method comprising- 
controlling a disc drive such that the optical disc is rotated at I first rotational speed 
winch corresponds to a constant linear velocity, and 
writing data to the optical disc at a first data rate; and 
in the event of an error writing data to the optical disc: 

- ^<^*to an unformatted^^ 

a second data rate which is higher than the first data rate. 

2. A method as claimed in claim 1, comprising, in the event of an error writing 

data to the opfccal disc, controlling the disc drive such that the optical disc continues to rotate 
at the first rotational speed. 
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data to the optical disc, controlling the disc drive such mat the optical disc is rotated at a 
second rotational speed which is less than the first rotational speed. 

the .optxcal <hsc, ensuring that the defect management area of the disc comprises at least one 
unformatted region. 

5- A method as claimed in elaim 4. wherein me method comprises, before 

wnhngdatato me optical disc, determining whether me defect management area of me disc 
has at .east one onfomratted region and, if not, deformatting at tat one region thereof. 

«• A method as claimed in claim 5, comprising performing the defonnatting as a 

background process. 
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7- A method as claimed in claim 1, further comprising, after writing data to the 

optical disc, formatting any remaining unformatted region of the defect management area of 
the optical disc. 

5 8. An optical disc writer, comprising a disc drive for rotating the optical disc 

wherein the disc writer is adapted to write data to the optical disc at a first data rate while'the 
optical disc is rotated at a first rotational speed which corresponds to a constant linear 
velocity, and 

wherein the disc writer is further adapted, in the event of an error writing data to tne optical 
disc to write data into an unformatted region of a defect management area of the optical disc 
at a second data rate which is higher than the first data rate. 

9- An optical disc writer as claimed in claim 8, wherein the disc writer is 

adapted, in the event of an error writing data to the optical disc, to control the disc drive such 
15 that the optical disc continues to rotate at the first rotational speed. 

10. An optical disc writer as claimed in claim 8, wherein the disc writer is 

adapted, in the event of an error writing data to the optical disc, to control the disc drive such 
that the optical disc is rotated at a second rotational speed which is less than the first 
20 rotational speed. 
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11. An optical disc writer as claimed in claim 8, wherein the disc writer is 
adapted, before writing data to the optical disc, to ensure that the defect management area of 
the disc comprises at least one unformatted region. 

12. An optical disc writer as claimed in claim 1 1, wherein the disc writer is 
adapted, before writing data to the optical disc, to detennine whether the defect management 
area of the disc has at least one unformatted region and, if not, to deformat at least one region 
thereof a 

13. An optical disc writer as claimed in claim 12, wherein the disc writer is 
adapted to perform the deformatting as a background process. 
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14. An optical disc writer as claimed in claim 8, wherein the disc writer i 
adapted, after writing data to the optical disc, to format any remaining unformatted region of 
the defect management area of the optical disc. 

15. An optical disc writer as claimed in claim 8, wherein the disc writer is a 
DVD+RW disc writer. 
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ABSTRACT: 

EPO - DG 1 

3 0. 11 2002 

When writing data to an optical disc with a constant linear velocity, and 
encountering a disc error, data is written into the defect management area of the disc without 
changing the rotational speed of the disc, or at least without changing the rotational speed of 
the disc sufficiently to maintain a constant linear velocity. This allows an increase in the rate 
at which data may be written to the optical disc. It also avoids or reduces the need for the 
rotational speed of the disc to be changed, which allows a further improvement in the time 
taken to write data to the disc. In order to continue writing data to the disc without changing 
me rotational speed, the data rate must be increased while writing to the defect management 
area For this to be possible, the data must be written into an "iced" or unformatted part of the 
defect management area. 
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